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A STRUCTURE OF HIGH PERFORMANCE C0M30 CHIP AND PROCESSING METHOD 

• BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The invention relates to the fabrication of integrated 
circuit devices, and more particularly, to a method and package 
•for the mounting of multiple semiconductor devices in one 
semiconductor device package. 

(2) Description of the Prior Art 

Continued progress in the semiconductor industry is achieved 
by continuous reduction in semiconductor device dimensions, this 
reduction in semiconductor device geometry must be achieved at a 
cost for the manufacturing of semiconductor devices that remains 
competitive. Interactive and mutually supporting technologies are 
used for this purpose, in many of the applications the resulting 
device density is further accommodated and supported by mounting 
multiple devices in one package. 

. In the field of high density interconnect technology, it is 
therefore frequently necessary to fabricate a multilayer 
structure on a substrate to connects integrated circuits to one 
another. To achieve a high wiring and packing density, many 
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integrated circuit chips are physically and electrically 
connected to a single substrate commonly referred to as a Multi- 
Chip-Module (MCM) . Typically," layers of a dielectric such as a 
polyimide separate metal power and ground planes in the 
substrate. Embedded in other dielectric layers are metal 
conductor lines with vias (holes) providing electrical 
connections between signal lines or to the metal power and ground 
planes. Adjacent layers are * ordinarily formed so that the primary 
signal propagation directions are orthogonal to each other. Since 
the . conductor features are typically narrow in width and thick in 
a vertical direction (in the range of 5 to 10 microns thick) and 
must be patterned with microlithography, it is important to 
produce patterned layers that are substantially flat and smooth 
(i.e. planar) to serve as the base for the next layer. 

Surface mounted, high pin count integrated circuit packages 
have in the past been configured using Quad Flat Packages (QFP's) 
with various pin configurations. These packages have closely 
spaced leads for making electrical connections that are 
distributed along the four edges of the flat package. These 
packages have become limited by having input/output (I/O) points 
of interconnect that are confined to the edges of the flat 
package even though the pin to pin spacing is small. To address 
this limitation, a new package, a Ball Grid Array (BGA) has been 
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developed which is not confined in this manner because the 
electrical contact points are distributed over the entire bottom 
surface of. the package. More contact points can thus be located 
with greater spacing between the contact points than with the 
QFP's. These contacts are solder balls that facilitate flow 
soldering of the package onto a printed circuit board. 

Developments of increased device density have resulted in 
placing increased demands on the methods and techniques that are 
used to access the devices, also referred to as input/output 
(I/O) capabilities of the device. This has led to new methods of 
packaging semiconductor devices, whereby structures such as Ball 
Grid Array (BGA) devices and Column Grid Array. (CGA) devices have 
been developed. A Ball Grid Array (BGA) is an array of solderable 
balls placed on a chip carrier. The balls contact a printed 
circuit board in an array configuration where, after reheat, the 
balls connect the chip to the printed circuit board. BGA' s are 
known with 40, 50 and 60 mil spacings in regular and staggered 
array patterns. Due to the increased device miniaturization, the 
impact that device interconnects have on device performance and 
device cost has also become a larger factor in package 
development . Device interconnects, due to their increase in 
length in order to package complex devices and connect these 
devices to surrounding circuitry, tend to have an increasingly 
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negative impact on the package performance. For longer and more 
robust metal interconnects, the parasitic capacitance and 
resistance of the metal interconnection increase, significantly 
degrading chip performance. Of particular concern in this respect 
is the voltage drop along power and ground buses and the RC delay 
that is introduced in the critical signal paths. In many cases 
the requirements that are placed on metal interconnects result in 
conflicting performance impacts. For instance,' attempts to reduce 
the resistance by using wider metal lines result in higher 
capacitance of these. wires. It is therefore the trend in the 
industry to look for and apply metals for the interconnects that 
have. low electrical resistance, such as copper, while at the same 
time using materials that have low dielectric constants for 
insulation between interconnecting lines. 

One of the more recent developments that is aimed at 
increasing the Input-Output (I/O) capabilities of semiconductor 
devices is the development of Flip Chip Packages. Flip-chip 
technology fabricates bumps (typically Pb/Sn solders) on Al pads 
on a semiconductor device, the bumps are interconnected directly 
to the package media, which are usually ceramic or plastic based. 
The flip-chip is bonded face down to the package medium through 
the shortest path. This technology can be applied not only to 
single-chip . packaging, but also to higher or integrated levels of 
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packaging, in which the packages are larger while more 
sophisticated substrates can be used that accommodate several 
chips' to form larger functional units. 

The- flip-chip technique, using an area interconnect 
array, has the advantage of achieving the highest density of 
interconnection to the device and a very low inductance 
interconnection to the package. However, pre-testability, 
post-bonding visual inspection, and Temperature Coefficient 
of Expansion (TCE) matching to avoid solder bump fatigue are. 
still challenges. In mounting several packages together, such 
as surface mounting a ceramic package to a plastic board, the 
TCE mismatch can cause a large thermal stress on the solder- 
lead joints that can lead to joint breakage caused by solder 
fatigue from temperature cycling operations. 

In general, Chip-On-Board (COB) techniques are used to 
attach semiconductor die toa printed circuit board. These 
techniques include the technical disciplines of flip chip 
attachment, wirebpnding, and tape automated bonding (TAB). Flip 
chip attachment consists of attaching a flip chip to a printed 
circuit board or to another ' substrate . A flip chip is a . 
semiconductor chip that has 'a pattern or arrays of terminals 
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that is spaced around an active surface of the flip chip that 

V. 

allows for face down mounting of the flip chip to a substrate. 

Generally, the flip chip active surface has one of the 
following electrical connectors: BGA (wherein an array of minute 
solder balls is disposed on the surface of the flip chip that 
attaches to the substrate) ; Slightly Larger than Integrated 
" Circuit Carrier (SLICC) , which is similar to the BGA but has a 
smaller solder ball pitch and a smaller diameter than the BGA; a 
Pin Grid Array (PGA) , wherein an array of small pins extends 
substantially perpendicularly from the attachment surface of a 
flip chip, such that the pins conform to a specific arrangement 
on a printed circuit board or other substrate for attachment 
thereto. With the BGA or SLICC, the solder or other conductive 
ball arrangement on the flip chip must be a mirror image of the 
connecting bond pads on the printed circuit board so that precise 
connection can be made. The flip chip is bonded -to the printed 
circuit board by refluxing the solder balls. The solder balls may 
also be replaced with a conductive polymer. With the PGA, the pin 
arrangement of the flip chip must be a mirror image of the 
recesses on the printed circuit board. After insertion, soldering 
the pins in place generally bonds the flip chip. 
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Recent developments in the creation of semiconductor 
integrated devices have seen device features being reduced to the 
micron and sub-micron range. Continued emphasis on improved 
device performance requires increased device operating speed, 
which in turn requires that device dimensions are further 
reduced. This leads to an approach that is applied to Ultra Large 
Scale Integration (ULSI) devices, where multi-levels of metal 
interconnects are used to electrically interconnect the discrete 
semiconductor devices on the semiconductor chips. In more 
conventional approaches, the different levels of interconnect are 
separated by layers of insulating materials. The various adjacent 
levels of metal can be interconnected by creating via openings in 
the interposing insulating layers. Typically, an insulating layer 
is silicon dioxide*. Increased reduction of device size coupled 
with increased device density requires further reduction in the 
spacing between the metal interconnect lines in order to 
accomplish effective interconnects of the integrated circuits. 
This however is accompanied with an increase in capacitive 
coupling between adjacent lines, an increase that has a negative 
impact on device performance and on device operating speed. A 
method must therefore be found whereby devices can be mounted in 
very close physical proximity to each other without increasing 
capacitive coupling while also reducing the RC induced time delay 
of the circuit. One typical approach is to search for insulating 
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layers that have low' dielectric constants, ideally the dielectric 
constant of a vacuum. Another approach is to use electrical 
conductors for the interconnect lines that have low electrical 
resistivity thereby reducing the RC time delay. Another approach 
is to direct the packaging of semiconductor devices in the 
direction of -wafer-like packages. This approach offers the 
advantages of being able to use standard semiconductor processing 
equipment and processes while it can readily be adapted to 
accommodate die shrinkage and to wafer-level burn-in and testing. 

Current practice of mounting multiple chips on the surface 
of one chip carrier has led to the highlighted approaches of 
Multiple Chip Module (MCM) and Multiple Chip Package (MCP) 
packaging. These methods of packaging however are expensive while 
a relatively large size package is typically the result of this 
method of packaging. A method' that can negate these negative 
aspects of multiple chip packaging is therefore required, the 
invention provides such a method. 

Fig. 12 shows a cross section of a prior art chip assembly 
in which the following elements are highlighted:' 
- 60, the basic structure of the package that typically is a 
Printer Circuit Board; one or more layers of conductive 
interconnect may have been provided in or on the surface of the 
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PCB 60; contact pads (not shown) are provided on the surface of 
PCB 60 . 

- 61, the Integrated Circuit die that is at the center of the 
package; it must be emphasized that more than one IC die can be 
mounted inside the package of Fig. 12 in a manner similar to 
the mounting of the one IC die that is shown in Fig. 12 

62, a substrate interface that has been provided with metal 
traces on the surface thereof; one or more layers of 
interconnect metal (such as traces or lines, vias, contact 
plugs, not shown in Fig. 12) may be provided in or on the 
surface of the substrate 62; points of electrical contact (not 
shown) are provided on the surface of substrate 62; conducting 
vias (not shown) may have been, provided through the substrate 
62 that connect overlying contact balls 64 with bond pads that 
have been provided on the surface of PCB 60 

- 63, the lowest array of metal contact balls that forms the - 
interface between the package that is shown in cross section in 

' Fig. 12, the package of Fig. 12 is interconnect to surrounding 
electrical components by means of contact balls 63 

- 64, the upper array of metal contact balls that connect the IC 
die 61 to the contact pads that have been provided on the 
surface of the substrate 62 
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65, bond' wires that provide further interconnects between the 
substrate 62 and' bond' pads that have been provided on the 
surface of the PCB 60, and 
- 66, an encapsulating epoxy based molding. 

The disadvantages of the package that is shown in cross section 
in Fig. 12 is that the wire bonding 65 adds parasitic inductance 
to the interconnect network which degrades the high-frequency 
performance of the package. Further, the number of input /output 
interconnects that can be provided to the IC die 61 of the 
package of Fig. 12 is limited due to the pitch of the wire bond 
lines 65. 

US 5,811,351 (Kawakita et al.) shows a stacked chip 
structure with bumps on the overlying chip. 

US 5,522,435 (Takiar et al.) shows a stacked multi-chip 
module. 

US 5, 994, 166. (Akram et al.) recites a stack chip package 
using flip chip contacts. 

US 5, 952,725 (Ball) shows a stacked chip device with solder 
ball connectors. 
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US 5,608,262 (Degani et al.) show a method and package for 
packaging multi-chip modules without using wire bond 
interconnections. 

Article, published as part of the 2000 Electronic Components 
and Technology conference of 05/21/00 through 05/24/00, author: 
Jean Dufresne, title: Assembly technology for Flip-Chip-on-Chip 
(FCOC) Using PBGA Laminate Assembly. Reference number: 0-7803- 
5908-9/00, IEEE. 

SUMMARY OF THE INVENTION 

A principle objective of the invention is- to provide a 
method of mounting semiconductor devices that allows for the 
mounting of multiple devices on one supporting medium. 

Another objective of the invention is to reduce the package 
size for a semiconductor package that contains multiple 
semiconductor devices. 

Yet another objective of the invention is to provide a 
method and package for packaging semiconductor devices that 
reduces the cost of packaging these devices. 
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A still further objective of the invention is to provide a 
method and package for . the mounting of multiple chips within one 
package whereby multiple Ball Grid Arrays chips are mounted on a 
supporting medium and interconnected within this mounting medium, 
and. whereby multiple solder bumps are provided to the package for 
external interconnects. 

In accordance with the objectives of the invention a new 
method and package for the mounting of semiconductor devices. A 
silicon substrate serves' as the device-supporting medium, active 
semiconductor devices have been created in or on the surface of 
the silicon substrate Metal interconnect points have been made 
available in the surface of the silicon substrate that connect to 
the semiconductor devices. A solder plate is created over the 
surface, of the substrate that" aligns with the metal points of 
contact in the surface of the substrate. Semiconductor devices 
that. have been provided with solder bumps or pin-grid arrays are 
connected to the solder plate. Underfill is applied to the 
connected semiconductor devices, the devices are covered with a 
layer of dielectric that is planarized. Inter-device vias are 
created in the layer of dielectric down to the surface of the 
substrate, re-routing interconnect lines are formed on the 
surface of the dielectric. Contact balls are connected to the re- 
routing lines after which the semiconductor devices that have 
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been mounted '\ above the silicon substrate are separated by die 
sawing. At this time, the separated semiconductor devices have 
two levels of ball interconnects, this can be further extended to 
for instance three levels of balls interconnect be connecting the 
second level of ball interconnect to a first surface of a Printed 
Circuit Board (PCB) . while additional contact balls are connected 
to a second surface of this PCB. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a cross section of a silicon substrate on the 
surface .of which solder plate formation has been completed by 
conventional plating. 

Fig. 2 shows a cross section of a silicon substrate after 
the layer of solder plate has been planarized. > 

Figs. 3a and 3b shows a cross section of the silicon 
substrate during Ball Grid Array (BGA) or chip on wafer assembly. 

Fig. 4 shows a cross section of the silicon substrate after 
BGA chip on wafer clean and reflow. 
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Fig. 5 shows a cross section after underfill has been 
applied and cured for the BGA/PGA assembled chips. 

Fig. 6 shows a cross section after a layer of dielectric has 
been deposited and planarized over the assembled chips. 

Fig. 7 shows a cross section after via formation in the 
deposited layer of dielectric for purposes of re-routing. 

Fig. 8 shows a cross section after re-routing metal has been 
formed on the surface of the layer of dielectric. 

Fig. 9 shows a cross section after solder bump formation on 
the surface of the re-routed metal. 

Fig. 10 shows a cross section after the chips have been 
separated into individual units. 

Fig. 11 shows a cross section after individual chip units 
have been assembled into a -flip-chip package. 

Fig. 12 shows a cross section of a Prior Art chip assembly. 
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Fig. 13 shows a cross section of a simplified version of the 
basic structure of the package of the invention. 

Figs. 14a through 14e show the processing steps that are 
required for the creation of solder plate. 

■DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now specifically to Fig. 1, there is shown a cross 
section of a silicon substrate 10 on the surface of which a 
solder plate 16 has been deposited. A pattern 14 of metal contact 
points is provided in or on the surface of the substrate 10, to 
this pattern 14 overlying semiconductor devices (not shown) will 
be connected. 

Solder plate 16 is created as follows, see Fig. 14a through 
14e: : 
• as a first step in the creation of the solder plate 16, a 
•protective layer 12 of dielectric is deposited over the 
surface of the. substrate 10, Fig. 14a; a first layer of 
photoresist (not shown) is deposited over the surface of the 
layer 12 of dielectric; the first layer of photoresist is 
patterned and etched, creating a pattern of openings in the 
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first layer of photoresist that aligns with a pattern 14 of 
metal in or on the surface of silicon substrate 10; 

© openings are created in layer 12 of protective dielectric in 
accordance with the pattern of openings that has been created 
in the layer 25 of photoresist, these openings created in 
layer 12 of protective dielectric therefore align with pattern 
• 14, the surface of pattern 14 is now exposed; the first layer 
of patterned and developed layer of photoresist is removed 
from the surface of layer 12 of protective dielectric, Fig. 
14b 

• a seed layer 19 is deposited over the surface of the patterned 
layer 12 of protective dielectric and the surface of the 
exposed. metal pattern 14, Fig. 14c 

• a second layer 18 of photoresist is deposited, patterned and 
developed, Fig. 14d, creating an opening through this second 
layer of photoresist that aligns with the metal pattern 14, 
exposing the surface of the seed layer 19 

• solder bumps 16 are then created in the openings that have 
been created in the layer 12 of dielectric, the solder bumps 
16 align with the points 14 of electrical contact that have 
been created in the surface of the substrate 10, Fig. 14e; 
after the' solder bumps 16 have been created, the second layer 
18 of photoresist is removed. 
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For the solder plating of the surface of the substrate, the 
layer 18 of photoresist functions as the solder mask. Solder 
bumps 16 are formed, as indicated above, overlying the points 14 
of electrical contact in the surface of substrate 10, no solder 
bumps are formed over the layer 12 of dielectric. The solder 
bumps 16 therefore in effect "elevate" the points of electrical 
contact 14 in the surface of the substrate above the layer 18 of 
photoresist, this to make these points 14 of electrical contact 
available for connection to semiconductor devices that are 
positioned above the substrate 10 and whose points of contact 
.make contact with the solder bumps 16 on a per device and a 
selective basis. It is clear that semiconductor device solder 
bumps can be brought into contact with the solder plate 
extrusions 16 and, via these extrusions, with the metal points of 
contact 14 that have been created in or on the surface of 
substrate 10. 

It must be observed in Fig. 1 that the patterning of the 
layer 12 of dielectric shows a distinct pattern whereby multiple, 
closely spaced opening's are created over the regions 15 while two 
openings. 11 and 13 are created interspersed between regions 15. 
The reason for this particular pattern will become clear at a 
later time (see for instance Fig. 7) , the two openings 11 and 13 
are the openings that overly the surface area of the substrate 10 
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along which the bottom substrate 10 will, at a later time in the 
process of the invention, be separated into individual chips. 
Regions 15 are the regions over which additional chips (of the 
multiple chip package of the invention) will be positioned. 

For reasons of clarity, the surface 17 of the substrate 10 
has been highlighted, contact points 14 have been created in or 
on the surface 17 of substrate 10. 

Fig. 2 shows the results of planarizing the created solder 
plate 16 of Fig. 1. This planarizing essentially removed the 
solder bumps 16 from above the surface of the layer 18 of 
photoresist. After this process of polishing -(Chemical Mechanical 
Planarization or CMP) has been completed, the photoresist 18 is 
removed from above the surface of the substrate. The seed layer 
19 is removed where this seed layer is not masked by metal layer 
16, exposing the surface of the patterned layer 12 of dielectric 
and leaving the now planarized solder bumps 16 in place and ready 
for connection to an overlying semiconductor device. For reasons 
of clarity, silicon wafer 10 is also referred to as the bottom 
chip or device, bottom since (additional) chips will be mounted 
above the surface of substrate 10. 
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The substrate (bottom' chip) 10 is now ready for the 
placement of additional semiconductor devices as is shown in Fig. 
3a. For this purpose, semiconductor devices 20, 22 and 24, also 
referred to as top chips, are placed above the bottom chip 10 in 
alignment with the contact points 14 to which each of these 
devices must be connected by means of respectively contact balls 
26, 28 and 30. For one of the top chips, that is top chip 22, 
further detail has been highlighted with the highlighting of the 
metal interconnects 21 of this chip and the silicon substrate 23 
of this chip. Similar identifications can be made for the other 
two chips 22 and 24. Solder balls 28 of top chip 22 are connected 
to the metal interconnects 21 of chip 22. Again, similar 
observations can be made with respect to the other two chips 20 
and 24. 

Fig. 3b show a cross section wherein the contact balls 26, 
28 and 30 have been replaced with contact pins 26', 28' and 30' 
of conical shape. The advantage of using conical shaped contact 
pins 26' , 28' and 30' is that these shaped reduce the criticality 
of the planarizing of the surface with which these contact pins 
make contact. The conical nature of contact points 26', 28' and 
30' allows for easier contacting of these pins with underlying 
points of contact, this as compared with the spherically shaped 
contact balls 26, 28 and 30. 
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Before chips "20, 22 and 24 are brought into contact with the 
bottom chip 10, a flux coating (not shown) is applied to the 
surface of the solder bumps 16 to enhance flowing of these solder 
bumps. The top chips 20, 22 and 2 4 are then placed above the 
bottom chip 10 (via a conventional pick and place procedure) and 
lowered (32) onto the bottom chip 10. Reflow of the solder bumps 
is performed using conventional methods of reflow, the results of 
which are shown in Fig. 4. 

It must be pointed out at this time that, where Figs. 3 and 
4 show the use of Ball Grid Array devices, the -invention is 
equally applicable for Pin Grid Array (PGA) devices. These PGA 
devices have not been further shown in the drawings because the 
similarity as far as the invention is concerned between these two 
types of devices is obvious and does therefore not require an 
additional set of drawing. 

Fig. 5 shows a cross section after, using conventional 
methods of syringe insertion, an underfill 34 has been applied to 
the. top chips 20., 22 and 24. -The inserted underfill 34, typically 
epoxy based, fills the gap between the bottom surface (the 
surface that contains the contact points 21 to the chips 20, 22 
and 24). and the surface of the layer 12 of protective dielectric 
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by capillary action. Underfill 34 penetrates between the contact 
(balls or pins) 28. The underfill 34, after insertion, is cured. 

Fig. 6 shows the results after a dielectric coating 36 has 
been deposited over the surfaces of the top chips 20, 22 and 24 
and in the spaces in between these chips. This coating 36 of 
dielectric can be deposited using methods of coating or 
lamination, as known in the art. This layer 36 of dielectric is 
referred to as a planarization dielectric since it provides a 
flat or planarized surface to the whole construct. 

At this time in the processing sequence of the invention, 
the top chips of the package are prepared for • separation into 
individual units. Further interconnectivity is provided by a 
layer of patterned metal that is created over the surface of the 
planarization dielectric 36. For this reason, and in view that 
the patterned metal for each top chip must be separated from the 
patterned interconnect metal of adjacent chips, -via openings 38 
are created through layer 36 of dielectric such that these via 
openings are location between adjacent chips. -Fig. 7 shows the 
results of this operation, the via openings 38 can be created 
using conventional methods of laser drill or photolithography and 
development. The patterned layer of interconnect metal that is 

. 21 



MEGO 0-0.09 

"i 

created on the surface of the layer 36 of dielectric has as 
objective to add to or re-route interconnect 

metal after the top chips :have been separated into individual 
units, the vias 38 are therefore referred to as re-routing vias. 

Following, Fig. 8, re-routing interconnect metal is created 
on the surface of layer 36 of dielectric, this is done by 
applying in sequence the steps of: 

seed metal sputtering of the surface of layer 36 

re-routing photo processing to create the re-routing pattern ' 

40 of metal on the surface of layer 36 

re-routing metal plating to create the interconnect lines 40 
of the interconnect network on the surface *of each of the top 
chips 20, 22 and 24 and in accordance with the re-routing 
pattern of metal created on the surface of layer 36 (preceding 
- step); at the time of this metal plating, the via openings 38 
are now filled with metal creating the metal re-routing vias 
39, and 

- removing the patterned photoresist (that has : been used for the 
re-routing process) from above the surface of the layer 36 of 
dielectric. 

The re-routing vias 39 can be created using a number of 
different methods, as follows: 
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- electroless, that is a layer of photosensitive polymer is 
deposited over the surface of the mounted IC die, openings for 
the re-routing vias are created in the layer of photosensitive 
polymer after which electroless plating is used to fill the 
openings with a via metal 

electroplating, a layer of base metal is created over the 
surface of the mounted IC die and the -exposed surface of the 
underlying silicon substrate, a layer of photoresist is 
deposited over the surface of the mounted IC die, openings for 
the re-routing vias are created in the layer of photoresist, 
the openings are filled with a via metal using electroplating, 
the patterned layer of photoresist is removed after which the 
layer of base metal is etched using methods' of wet or dry 
etch, a layer of polymer is deposited over the surface of the 
mounted IC die including the surface of the etched layer of 
base metal 

- using conventional methods . of creating damascene structures 

At the completion of' this processing sequence, re-routing 
interconnect network 40 has been completed on the surface of the 
layer 36 of dielectric- This re-routing interconnect metal is 
next connected to contact balls 42, Fig. 9, this process uses the 
following processing steps: 
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- a. protective coating "41 of dielectric is applied over the 
surface. of layer 36 of dielectric, including the surface of the 
interconnect network 4 0 

a layer of photoresist is deposited and patterned whereby the 
pattern of the photoresist aligns with the pattern of the layer 
of re-routing metal (on the surface of layer 36) to which solder 
bumps must be connected 

- the layer of dielectric is etched in accordance with the 
pattern that has been created in the layer of photoresist, 
exposing the surface of the re-routing metal 

- the exposed surface of the . re-routing metal (to which solder 
bumps must be connected) are electro-plated forming solder 
deposits over these regions of exposed re-routing metal 

- the patterned layer of photoresist is removed, partially 
exposing the underlying layer 36 of dielectric/ a seed metal is 
blanket deposited over the surface of the created solder bumps 
(including the partially exposed surface of the layer 36 of 
dielectric) .and etched, thereby leaving the seed metal in place 
over the surface of the created solder bumps, and 

- the deposited solder is ref lowed, forming solder bumps 42 that 
are connected with the re-routing metal on the surface of the 
layer 36 of dielectric. 

Fig. 10 shows the results of separating the top chips into 
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individual units. Individual units 44, 46 and 48 have now been 
completed that can further been used for additional packaging. 

This additional packaging has been exemplified in Fig. 11 
where one of the units 44, 46 or 48 (Fig. 10) has been used to 
create an additional packaging interface. The individual unit, 
for instance unit 4 6, has been selected, turned upside-down so 
that the .-contact balls 52 (Fig. 11) now face downwards. These 
contact balls faced upwards in Fig. 10. Substrate 50, which can 
be a Printed Circuit Board or any other typical interconnect 
substrate, has been provided with contact balls' 54. Substrate 50 
can be of any desired complexity and can contain multiple layers 
of interconnect metal. A top layer of interconnect metal (not 
shown) is connected to the contact balls 52 of unit 46, this top 
layer of interconnect metal is connected to contact balls 54 by 
means of interconnect metal lines that are routed throughout the 
substrate 50. The end results is that (top) chip 4 6 is further 
connected to an array of contact balls of which •• contact ball 54 
is one member, underfill 53 has been applied to the unit. From 
Fig. 11 it is clear that the package that is shown in Fig. 11 has 
three layers of overlying contact balls, that is a top layer of 
which contact ball 28 (see Fig. 3a) is a member> a center layer 
of which contact ball 52 is a -member and a bottom layer of which 
contact ball 54 is a member. From this it can be concluded that 
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the invention has added significantly to the method and the 
packaging capability that can be applied to package semiconductor 
devices, due to the overlying nature of the arrays of contact 

. balls the package of the invention is more compact while at the 
same time offering extensive I/O capability. The package of the 
invention also allows for short interconnects, making this 
package suitable for packaging high-performance, high frequency 

'devices. In addition, since the process of creating individual 
packages starts out with a silicon substrate which has 
considerable surface area. A relatively large number of 
individual packages can therefore be created in accordance with 
the invention. 1 ' 

The path of electrical interconnect for the package that has 
been shown ; in Fig. 11. can be traced as follows and stating with 
the contact balls 54 that are connected to the substrate 50: 
- contact balls 54 are connected to a contact points (not shown) 

in a first surface of substrate 50 

interconnect layers (not shown) have been created in substrate 
50, these interconnect layers connect contact balls 54 with 
contact balls 52 on the second surface of substrate 50 
interconnect lines 40 can re-route and further interconnect to 
the vias 39 which connect interconnect lines 40 with I/O pad 
14 
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- contact balls 28 connect interconnect lines 14 with metal 
contacts 21 in the surface of the silicon substrate 22. 

The basic structure of the package of the invention has been 
shown for purposes of clarity in simplified form in Fig. 13. All 
the elements that are highlighted in Fig. 13 have previously been 
identified and need therefore not be repeated at this time. It 
can be pointed out at this time that the IC die 22 that is 
mounted in the package of the invention can be of numerous types 
of application and design such as memory chips, logic and analog 
.chips that further can be created using not only silicon 
substrates but can be extended to the used of GaAs substrates, 
further inductor, capacitors and resistive components. 

From the above it is clear that the package of the invention 
can be created in its entirety at the wafer level and that, if so 
desired, can be created as a. post passivation process. The IC die 
22 of Fig. 11 can be located above the layer of passivation that 
has been deposited over a semiconductor substrate. The IC die 22 
of Fig. 11 can be located underneath a layer of passivation that 
is deposited over the surface of the IC die after the IC die has 
been mounted on a semiconductor substrate. 

The invention can, from the above, be summarized as follows: 
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the ' invention provides for the simultaneous packaging of more 
than one semiconductor device after which the semiconductor 
device package can be separated into individually packaged 
semiconductor devices, these latter packages can further be 
used for additional packaging 

- a silicon substrate is provided that contains active devices 
in its surface and points of electrical contact to these 
devices 

a first interface overlays the surface of the substrate, on 
the surface- of this first interface at least one semiconductor 
device is mounted whereby electrical contact is established 
between this device and the points of contact of * at least one 
active device in the surface of said substrate; an underfill 
is provided for the semiconductor device 

a layer of dielectric is deposited over the semiconductor 
device and planarized, v'ia's are' created through the layer of 
dielectric and the first interface, contacting the active 
areas in the surface of the substrate 

an interconnect network is created on the surface of the layer 
of dielectric,- contacting the points of contacts provided in 
the active area in the surface of the substrate 

- an array of contact balls is attached to the first, network of 
interconnect lines, including the vias created in the layer of 
dielectric and the first interface 
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the semiconductor device are singulated by sawing the. 
substrate, creating a partially completed singulated device 
an • interconnect substrate is provided that has been provided 
with bonding pads and an array of contact balls 

- .the partially completed singulated device is aligned with and 

connected to the bonding pads on the surface of the 
interconnecting substrate, and 

- an underfill is provided, completing the formation of said 
semiconductor device package. 

The first interface between a semiconductor device and the 
substrate contains a first layer of dielectric over the surface 
of the substrate, openings' are created in the layer of dielectric 
that .expose the points of electrical contact in the surface of 
the substrate, solder plating is applied to the points of 
electrical contact in the surface of the substrate, the solder 
plating is planarized. 

The mounting of a- semiconductor device over an active 
surface area provided in the surface of said substrate comprises 
the steps of: flux-coating the surface of the first interface, 
placing a semiconductor devices above the silicon substrate 
whereby contacts points in the surface semiconductor device align 
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with and contact the contact points provided in an active surface 
area in the surface of said substrate. 

The creation of a first network of interconnect lines on the 
surface of the layer of dielectric requires sputtering a layer of 
seed metal over the surface of the layer of dielectric, creating 
a mask of photoresist in a reverse pattern to the interconnect 
lines, performing semi-additive plating of the first interconnect 
network, removing the mask of photoresist and wet etching the 
plating base thereby removing the plating base where this plating 
base is not covered with the semi-additive plating. 

Attaching a second array of contact balls to the first 
network of interconnect lines requires creating- solder bumps 
overlying the first network of interconnect lines, including the 
vias created in the layer of dielectric, and reflowing the solder 
bumps. 

Although the invention has been described and illustrated 
with, reference to specific illustrative embodiments thereof, it 
is not intended that the invention be limited to those 
illustrative embodiments. Those skilled in the art will recognize 
that variations and modifications can be made without departing 
from the spirit of the invention. It is therefore intended to 
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include within the invention all such variations and 
modifications which fall within the scope of the appended claims 
and equivalents' thereof. * 
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